I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

The success of implants is dependent on meticulous pre-operative treatment planning as well as careful follow-up during the healing phase to evaluate the success of osseointegration.\[[@ref1][@ref2]\] Numerous studies have been conducted to establish the criteria for success and failure of osseointegration and hence for the success and failure of dental implants. Standardized periapical radiographs at regular follow-up intervals are used to detect peri-fixtural radiolucency and/or progressive marginal bone loss or "saucerization".\[[@ref3]\] If more than half of the bone around the implant is lost, that implant is considered to have failed.\[[@ref4]\] Thus, the success of implant depends directly on crestal bone resorption and it is one of the major determinant factors for the post-operative success of implants.\[[@ref5]\] According to the established criteria for the assessment of implant survival and success, marginal bone level change in 1^st^ year should be less than 1.5 mm.\[[@ref6]\] Smith and Zarb\[[@ref7]\] suggested that one of the criteria for implant success was less than 0.2 mm of alveolar bone loss per year after the 1^st^ year. However, the most active phase of bone loss during the first few months has not been studied extensively. Since bone level maintenance is one of the most important factors to be considered in implant prosthodontics, the post-operative evaluation of this bone is thus of great importance to a prosthodontist.

Aims and objectives {#sec2-1}
-------------------

To evaluate the marginal bone level changes around dental implants based on radiological examinationTo evaluate the relationship of various parameters, i.e., gender, implant length, implant diameter and location of implants on the amount of bone loss around dental implants and hence the success of osseointegration and thus the dental implants.

M[ATERIALS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
=================================================

An *in-vivo* study was undertaken to evaluate the crestal bone loss on the mesial and distal aspect of implants, using standardized intra-oral periapical (IOPA) radiographs at the end of 6 months after placing the implants, but before prosthetically loading it.

A total of 16 implants were placed in patients reporting to the out-patient Department of Prosthodontics and Crown and Bridge, Government Dental College, Pt. B.D. Sharma University of Health Sciences, Rohtak based on the inclusion and the exclusion criteria.

Inclusion criteria {#sec2-2}
------------------

Subjects requiring replacement of missing teethPatient with good oral hygieneAdequate bone volume to accommodate an implant of appropriate dimensionCo-operative patient, willing for the surgery and proper follow-up.

Exclusion criteria {#sec2-3}
------------------

Medically compromised patients where surgery is contraindicatedPatient with poor oral hygieneInsufficient bone quantityPatients having any parafunctional habitPatients suffering from periodontal diseasesPatients with history of alcohol, drug dependency, smoking and poor health.

Study was divided into following groups based on the four parameters, i.e., implant length, implant diameter, implant location and gender.

Based on implant lengthGroup-1 (13 mm)Group-2 (10 mm).Based on implant diameterGroup-1 (3.5 mm)Group-2 (4.3 mm).Based on implant locationGroup-1 (maxilla)Group-2 (mandible).Based on genderGroup-1 (male)Group-2 (female).

Detailed medical and dental history of each patient was taken. After an explanation of the proposed study criteria, including alternate treatment, potential risks and benefits, the participants were asked to sign an informed consent. Edentulous area, selected for implant placement was evaluated clinically for bucco-lingual and mesio-distal width, any undercuts, width of attached gingiva \[Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}\].

![Pre-operative intra-oral view in occlusion (missing 11)](NJMS-5-126-g001){#F1}

![Pre-operative intra-oral view (missing 11)](NJMS-5-126-g002){#F2}

All vital signs were checked and a complete hemogram was done to evaluate the fitness of the patient for implant placement. Complete oral prophylaxis was done before the implant placement. Pre-operative IOPA and orthopantomogram (OPG) \[Figures [3](#F3){ref-type="fig"} and [4](#F4){ref-type="fig"}\] provided the necessary information regarding the available bone and distance of vital structures, i.e., maxillary sinus, floor of nasal cavity, mandibular canal from the implant site. A pre-measured 5 mm diameter ball bearing was used to calculate the magnification of OPG.

![Pre-operative intra-oral periapical](NJMS-5-126-g003){#F3}

![Pre-operative orthopantomogram with 5 mm diameter ball bearing](NJMS-5-126-g004){#F4}

An assessment of the bone quantity at the implant site was done with the help of intra-oral periapical radiographs obtained by the long cone paralleling technique to minimize the distortion using the film holders (Rinn XCP, Dentsply) \[Figures [5](#F5){ref-type="fig"} and [6](#F6){ref-type="fig"}\].

![Rinn XCP film holder, Dentsply (for anterior teeth)](NJMS-5-126-g005){#F5}

![Rinn XCP film holder, Dentsply (for posterior teeth)](NJMS-5-126-g006){#F6}

A customized occlusal bite jig was fabricated by attaching softened modeling wax to a film holder (Rinn XCP, Dentsply) and asking the patient to bite on this \[Figures [7](#F7){ref-type="fig"}-[10](#F10){ref-type="fig"}\]. This jig was used for taking the standardized IOPA radiographs \[[Figure 11](#F11){ref-type="fig"}\]. The jig was acrylized in heat cure acrylic and saved for use at all visits to standardize the film placement and cone angulation \[[Figure 12](#F12){ref-type="fig"}\].

![Basic armamentarium used in fabrication of custom-occlusal jig](NJMS-5-126-g007){#F7}

![Softened modeling wax attached to Rinn XCP film holder, Dentsply, for making customized occlusal bite jig](NJMS-5-126-g008){#F8}

![Fabrication of customized occlusal bite jig for obtaining standardized intra-oral periapical radiographs using Rinn XCP film holder (Dentsply)](NJMS-5-126-g009){#F9}

![Customized occlusal bite jig](NJMS-5-126-g010){#F10}

![Taking radiograph using customized occlusal bite jig and Rinn XCP film holder](NJMS-5-126-g011){#F11}

![Customized occlusal bite jig acrylized in heat-cure acrylic](NJMS-5-126-g012){#F12}

Ridge analysis was done clinically and from the prepared cast. In addition, OPG and IOPA were used to assess the height and width of the edentulous site. On the basis of clinical and radiographic findings, the implant size was selected.

Crestal incision was given for full thickness flap reflection, to expose the implant site. After marking the implant site by surgical stent, pilot drill was used, followed by twist drill, 2-caliber and final drill up to the decided depth. The implants were inserted first by using finger key, followed by cardanic ratchet key. The implants were placed at the level of alveolar crest. A cover screw was placed to close the opened implant site. The flap was closed with tight sutures to achieve water-tight closure. The patient was prescribed antibiotics and analgesics for 1 week, post-operatively.

The radiographic evaluation was performed at 0 month (immediately after the implant placement) \[[Figure 13](#F13){ref-type="fig"}\] and at 6 months after the implant placement \[[Figure 14](#F14){ref-type="fig"}\]. The standardized periapical radiographs obtained at 0 month and at 6 months were digitized using a computerized scanner at 600 dpi, 256 gray scales and then analyzed using UTHSCSA Image Tool (version 3.00 for Windows, University of Texas Health Science Center in San Antonio, TX, USA) which is designed to measure the distances in digital images \[[Figure 15](#F15){ref-type="fig"}\]. The known implant length was used to calibrate the images in the computer software.

![Intra-oral periapical radiograph (at 0 month)](NJMS-5-126-g013){#F13}

![Intra-oral periapical radiograph (at 6 months)](NJMS-5-126-g014){#F14}

![Measurement of marginal bone level from the reference line using UTHSCSA Image Tool (Version 3.00 for Windows, University of Texas Health Science Centre in San Antonio, TX, USA)](NJMS-5-126-g015){#F15}

The coronal surface of the implant was taken as the reference line from which 2 perpendicular lines were dropped on the mesial and distal aspect of the implants to the first bone-to-implant contact \[[Figure 15](#F15){ref-type="fig"}\]. Comparative measurements of mesial and distal crestal bone levels adjacent to implants were made to the nearest 0.1 mm. A minimum of 3 readings were made for each case and the average values were used to calculate the amount of crestal bone loss. Subtracting the bone level at 0 month from the bone level at 6 months gave the bone loss.

The results obtained were subjected to statistical analysis using Student\'s unpaired *t*-test.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

[Table 1](#T1){ref-type="table"} shows the basic details of the various parameters used in the study.

###### 

Basic details of the various parameters

![](NJMS-5-126-g016)

[Table 2](#T2){ref-type="table"} shows the bone level measurements at 0 month and 6 months on mesial and distal aspect of implant and the calculation of bone loss.

###### 

Bone level measurements at 0 month and 6 months on mesial and distal aspect of implant and the calculation of bone loss

![](NJMS-5-126-g017)

[Table 3](#T3){ref-type="table"} shows mean values of recorded bone loss on mesial and distal aspects of implant after 6 months. The mean bone loss on mesial aspect of implants was 0.5531 mm and on distal aspect of implants was 0.5037 mm. The *P* value for both mesial and distal aspect of implant was found to be statistically non-significant (*P* \< 0.05 is highly statistically significant). Thus, in this study, the bone loss on mesial and distal aspect of implant was found to be same.

###### 

Mean and standard deviation of bone loss on mesial and distal after 6 months

![](NJMS-5-126-g018)

Tables [4](#T4){ref-type="table"}-[7](#T7){ref-type="table"} show the bone level measurements for implant length, implant diameter, implant location and gender respectively.

###### 

Bone level measurements for parameter-1 (implant length)

![](NJMS-5-126-g019)

###### 

Bone level measurements for parameter-2 (implant diameter)

![](NJMS-5-126-g020)

###### 

Bone level measurements for parameter-3 (implant location)

![](NJMS-5-126-g021)

###### 

Bone level measurements for parameter-4 (gender)

![](NJMS-5-126-g022)

[Table 8](#T8){ref-type="table"} shows mean values of recorded bone loss on mesial and distal aspects of implant after 6 months when compared for 13 mm implants verses 10 mm implants. The mean bone loss on mesial aspect of implants was 0.485 mm for 13 mm implants and 0.6212 mm for 10 mm implants. Whereas the mean bone loss on distal aspect of implants was 0.3475 mm for 13 mm implants and 0.66 mm for 10 mm implants. The *P* value for mesial aspect of implant was found to be statistically non-significant (*P* \< 0.05 is highly statistically significant), whereas the *P* value for distal aspect of implant was statistically significant (*P* \< 0.05 is highly statistically significant). Thus, in this study, the bone loss was found to be same in both 13 mm and 10 mm implants on the mesial aspect of implant whereas on distal aspect, it was more in 10 mm implants when compared with 13 mm implants \[[Figure 16](#F16){ref-type="fig"}\].

###### 

Comparison of bone loss on mesial and distal after 6 months for group-1 (13 mm) verses group-2 (10 mm) for parameter-1 (implant length)

![](NJMS-5-126-g023)

![Comparison of bone loss on mesial and distal after 6 months for Group-1 (13 mm) verses Group-2 (10 mm) for parameter-1 (implant length)](NJMS-5-126-g024){#F16}

[Table 9](#T9){ref-type="table"} shows mean values of recorded bone loss on mesial and distal aspects of implant after 6 months when compared for 3.5 mm implants verses 4.3 mm implants. The mean bone loss on mesial aspect of implants was 0.5387 mm for 3.5 mm implants and 0.5675 mm for 4.3 mm implants. Whereas the mean bone loss on distal aspect of implants was 0.4512 mm for 3.5 mm implants and 0.5562 mm for 4.3 mm implants. The *P* values for both mesial and distal aspects of implants were found to be non-significant (*P* \< 0.05 is highly statistically significant). Thus, in this study, the bone loss was found to be same in both 3.5 mm and 4.3 mm diameter implants on both mesial and distal aspects of implants \[[Figure 17](#F17){ref-type="fig"}\].

###### 

Comparison of bone loss on mesial and distal after 6 months group-1 (3.5 mm) versus group-2 (4.3 mm) for parameter-2 (implant diameter)

![](NJMS-5-126-g025)

![Comparison of bone loss on mesial and distal after 6 months Group-1 (3.5 mm) versus Group-2 (4.3 mm) for parameter-2 (implant diameter)](NJMS-5-126-g026){#F17}

[Table 10](#T10){ref-type="table"} shows mean values of recorded bone loss on mesial and distal aspects of implant after 6 months when compared for maxillary implants verses mandibular implants. The mean bone loss on mesial aspect of implants was 0.601 mm for maxillary implants and 0.4733 mm for mandibular implants, whereas the mean bone loss on distal aspect of implants was 0.481 mm for maxillary implants and 0.5417 mm for mandibular implants. The *P* values for both mesial and the distal aspect of implant were found to be statistically non-significant significant (*P* \< 0.05 is highly statistically significant). Thus, in this study, the bone loss was found to be same in both maxilla as well as mandible on both mesial and distal aspects of implants \[[Figure 18](#F18){ref-type="fig"}\].

###### 

Comparison of bone loss on mesial and distal after 6 months group-1 (maxilla) versus group-2 (mandible) for parameter-3 (implant location)

![](NJMS-5-126-g027)

![Comparison of bone loss on mesial and distal after 6 months Group-1 (maxilla) versus Group-2 (Mandible) for parameter-3 (implant location)](NJMS-5-126-g028){#F18}

[Table 11](#T11){ref-type="table"} shows mean values of recorded bone loss on mesial and distal aspects of implant after 6 months when compared for males verses females. The mean bone loss on mesial aspect of implants was 0.4554 mm for males and 0.784 mm for females, whereas the mean bone loss on distal aspect of implants was 0.4264 mm for males and 0.644 mm for females. The *P* values for both mesial and the distal aspect of implant were found to be statistically significant (*P* \< 0.05 is highly statistically significant). Thus, in this study, the bone loss was found to be more in females on both mesial as well as the distal aspects of implants \[[Figure 19](#F19){ref-type="fig"}\].

###### 

Comparison of bone loss on mesial and distal after 6 months group-1 (male) versus group-2 (female) for parameter-4 (gender)

![](NJMS-5-126-g029)

![Comparison of bone loss on mesial and distal after 6 months Group-1 (male) versus Group-2 (female) for parameter-4 (gender)](NJMS-5-126-g030){#F19}

D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

The use of endosteal implant for dental rehabilitation of patients represents one of the most technologically advanced forms of dentistry available today. Endosteal implant is effective and appropriate for replacing single teeth, as well as for rehabilitating edentulous arches. The crestal bone area is usually a significant indicator of implant health, for its clinical success and longevity.

The long term preservation of crestal bone height around osseointegrated implants is often used as a primary success criterion for different implant systems. The radiographic evaluation of bone forms a very important and viable means of detecting health and stability of bone around the peri-implant hard tissue. A decrease of crestal bone level indicates that the implant is loosening its bony anchorage.\[[@ref8]\] The pathological changes in the follow-up period always begin around the neck of implant. A study by Jung *et al*.\[[@ref9]\] found that more than 50% of the total bone loss recorded in 12 months period occurred during the first 3 months. The rapid initial bone loss might be the result of periosteal elevation, surgical trauma, the preparation of the recipient bed and stress concentration from excessive tightening of the implant.\[[@ref10]\] Various causes of greater crestal bone loss in the 1^st^ year of implant function are surgical trauma, occlusal overload, peri-implantitis, presence of microgap, reformation of biologic width and implant crest module design.\[[@ref11]\] A review of literature and the analysis of the results indicate that the stability of bone support for the implant is an important criterion for determining success of implants. There are many factors affecting the survival and success of implants. It has been documented that subtle changes in shape, length and width of endosseous implants could influence success rates.\[[@ref12]\]

Various imaging options are available for the evaluation of the recipient site such as IOPA radiographs, panoramic radiographs, oblique cephalometric radiographs, computed tomography, digital subtraction radiography. Radiographs are an important tool for the assessment of bone architecture. Radiographs may be helpful in assessing stress concentration around implants, thereby obviating excessive alveolar bone loss.\[[@ref13]\] The small changes in crestal bone levels emphasize the requirement for accurate and reproducible techniques in radiographic evaluation of the status of bone height.\[[@ref14]\]

The standardized periapical radiographs are particularly well-suited and preferred for longitudinal assessment of implant bone loss.\[[@ref15]\]

Rotational panoramic radiographs are not reproducible and lack sharpness, distort images and superimpose bony structures of the spine.\[[@ref16]\] Moreover, the inconsistent magnification at each region, decreased resolution and lack of standardization of projection geometry mean there is a risk of loss of measuring precision.\[[@ref15]\] The large area imaged with this technique is useful in initial planning of treatment which mainly includes the assessment of distance from alveolar crest to mandibular canal and mental foramen in mandible and to floor of maxillary sinus, nasal cavity and incisive canal in the maxilla.\[[@ref17]\] The oblique cephalometric technique requires special radiographic equipment.\[[@ref18]\]

The periapical radiographs have minimal distortion when they are well angulated applying the standardized projection geometry as described by Duckworth *et al*.\[[@ref19]\] In addition, exposure dose of periapical radiography is extremely low compared to that of other modalities. The measurement value on periapical radiographs is the most reliable due to the sharpness and resolution of images obtained with the standardized periapical radiographs obtained by the long cone paralleling technique.\[[@ref15]\] Furthermore, the standardized periapical radiographs probably provide the highest reliability and reproducibility in terms of linear measuring distance. The reproducibility of the radiographs obtained by the intra-oral bisecting angle technique is poor.\[[@ref16]\] Therefore, the periapical radiographs are particularly well-suited for longitudinal assessment of implant bone loss.\[[@ref15]\]

In assessing bone height in the implant region, different methods have been used: Like counting the number of threads on screw type implants, measurements by means of a computer based interactive image analysis system, measurements with the help of a magnifying glass or a digital sliding gauge.

Thus, the present study was undertaken to evaluate the "marginal bone level" changes around implants (titanium endosteal transmucosal screw type fixtures, Branemark) using the standardized periapical radiographs. These radiographs made through long cone paralleling technique with the help of radiographic film holders (Rinn XCP; Dentsply).\[[@ref15][@ref20][@ref21][@ref22]\] A customized occlusal jig\[[@ref21]\] was fabricated by attaching modeling wax to the film holder and asking the patient to bite on this. The jig was acrylized in heat-cured acrylic and saved for use at later visits to standardize the film placement and cone angulation.\[[@ref21]\]

The radiographs were made at 0 month, i.e., immediately after implant placement and then after 6 months, but before prosthetic loading.\[[@ref23]\] To obtain a reproducible data, the definition of reference points in the image is most important. The most coronal point of implant was taken as the reference line because it was permanently visible and easy to locate on all radiographs. The point of bone to implant contact was chosen as the bone level.\[[@ref24]\] The measurements were made with the help of UTHSCSA Image Tool (version 3.00 for Windows, University of Texas Health Science Center in San Antonio, TX, USA).\[[@ref24]\] Prior to analysis, the images were calibrated geometrically based on implant length, so that the measurements record the actual distance.\[[@ref25]\] Measurements were made at 0 month and at 6 months at the mesial and distal aspects of implants by dropping perpendiculars from the reference line to the bone level. All the radiographs showed a clear image of the implant and marginal bone. The clearly visible threads of implants indicated that the central X-ray beam has been directed perpendicular to the object and film.\[[@ref26]\]

According to the results obtained from the above study, [Table 3](#T3){ref-type="table"} shows that the mean bone loss observed on mesial aspect of implant after 6 months of implant placement was 0.5531 mm while the mean bone loss on distal aspect was 0.5037 mm. The results of this study are in accordance with those of Singh *et al*.\[[@ref23]\] who found a mean bone loss of 0.6 mm on mesial and 0.9 mm on distal aspect of implant after 6 months of implant placement. Similar study conducted by Behneke *et al*., observed a mean bone loss of 0.8 mm between implant placement and prosthetic restoration.\[[@ref27]\] In contrast, studies by Johansson and Ekfeldt\[[@ref28]\] showed a mean bone loss amounting to 0.4 mm at the 1^st^ year and annual following 0.1 mm rate on Branemark implants. Similar studies conducted by Adell *et al*. determined that the mean bone loss for Branemark osseointegrated implants was 1.5 mm for the 1^st^ year.\[[@ref10]\] Cox and Zarb reported 1.6 mm loss in the 1^st^ year and 0.13 mm in subsequent years.\[[@ref29]\] Studies conducted by Bryant and Zarb noted that there is no difference in crestal bone loss proximal to oral implants in the complete implant prosthesis sites of older and younger adults and a mean bone levels at loading were 1.4 mm determined in the 1^st^ year.\[[@ref30]\] The marginal bone loss should not be greater than 1.5 mm in the 1^st^ year (osseointegration period) and 0.1 mm during each successive year (follow-up period).\[[@ref30][@ref31]\] Smith and Zarb suggested that one of the criteria for implant success was that less than 0.2 mm alveolar bone loss occurred per year after the 1^st^ year.\[[@ref7]\]

Hence, many authors have stated that the alveolar bone loss is around 1.2 mm during the 1^st^ year and stabilizes to an average of 0.1 mm/year but the most active phase of bone loss during the first few months has not been studied extensively. This study evaluated the early changes in the marginal bone level around dental implants through standard intra-oral radiographs in the initial 6 months of implant placement, but before prosthetic loading.

[Table 8](#T8){ref-type="table"} shows mean values of recorded bone loss on mesial and distal aspects of implant after 6 months when compared for 13 mm implants verses 10 mm implants. The mean bone loss on mesial aspect of implants was 0.485 mm for 13 mm implants and 0.6212 mm for 10 mm implants. Whereas the mean bone loss on distal aspect of implants was 0.3475 mm for 13 mm implants and 0.66 mm for 10 mm implants. The *P* value for mesial aspect of implant was found to be statistically non-significant (*P* \< 0.05 is highly statistically significant), whereas the *P* value for distal aspect of implant was statistically significant (*P* \< 0.05 is highly statistically significant). Thus, in this study, the bone loss was found to be same in both 13 mm and 10 mm implants on the mesial aspect of implant whereas on distal aspect, it was more in 10 mm implants when compared with 13 mm implants. The results of this study were in accordance with those reported by Naert *et al*.\[[@ref32]\] who found shorter implant lengths are associated with more failure. In contrast, studies by Deporter *et al*.\[[@ref33]\] and Rokn *et al*.\[[@ref34]\] found similar results for both short as well as long implants.

[Table 9](#T9){ref-type="table"} shows mean values of recorded bone loss on mesial and distal aspects of implant after 6 months when compared for 3.5 mm implants verses 4.3 mm implants. The mean bone loss on mesial aspect of implants was 0.5387 mm for 3.5 mm implants and 0.5675 mm for 4.3 mm implants. Whereas the mean bone loss on distal aspect of implants was 0.4512 mm for 3.5 mm implants and 0.5562 mm for 4.3 mm implants. The *P* values for both mesial and distal aspects of implants were found to be non-significant (*P* \< 0.05 is highly statistically significant). Thus, in this study, the bone loss was found to be same in both 3.5 mm and 4.3 mm diameter implants on both mesial and distal aspects of implants. The results of this study were in accordance with study by Tawil *et al*.\[[@ref35]\] who found similar values of bone loss for narrow and wide implants. According to Tamizi *et al*.,\[[@ref36]\] implant diameter is a significant determinant of bone loss occurring around the implant with the risk of bone loss around a 3.5 mm diameter implant to be 5.91 folds more than a 4 mm diameter implant. Strong *et al*.\[[@ref37]\] in their study have reported more risks of bone loss for implants with lower diameters compared with those with higher diameters. Scurria *et al*. found that implant width of less than 4.0 mm was associated with implant failure.\[[@ref38]\]

[Table 10](#T10){ref-type="table"} shows mean values of recorded bone loss on mesial and distal aspects of implant after 6 months when compared for maxillary implants verses mandibular implants. The mean bone loss on mesial aspect of implants was 0.601 mm for maxillary implants and 0.4733 mm for mandibular implants, whereas the mean bone loss on distal aspect of implants was 0.481 mm for maxillary implants and 0.5417 mm for mandibular implants. The *P* values for both mesial and the distal aspect of implant were found to be statistically non-significant significant (*P* \< 0.05 is highly statistically significant). Thus, in this study, the bone loss was found to be same in both maxilla as well as mandible on both mesial and distal aspects of implants. The results of this study were in accordance with similar studies that reported no significant differences in the bone loss values between maxillary and mandibular implants.\[[@ref20][@ref39][@ref40]\] Kumar *et al*.\[[@ref41]\] studied 1183 ITI SLA implants and observed no significant difference in bone loss regarding the jaw position. Tamizi *et al*.\[[@ref36]\] showed similar bone loss values for implants placed at the maxilla and mandible. On the contrary, Peñarrocha *et al*.\[[@ref42]\] showed more bone loss for fixtures implanted at maxilla compared to mandibular fixtures. Pham *et al*.\[[@ref39]\] in their study have reported more bone loss for maxillary implants than mandibular ones.

[Table 11](#T11){ref-type="table"} shows mean values of recorded bone loss on mesial and distal aspects of implant after 6 months when compared for males verses females. The mean bone loss on mesial aspect of implants was 0.4554 mm for males and 0.784 mm for females, whereas the mean bone loss on distal aspect of implants was 0.4264 mm for males and 0.644 mm for females. The *P* values for both mesial and the distal aspect of implant were found to be statistically significant (*P* \< 0.05 is highly statistically significant). Thus, in this study, the bone loss was found to be more in females on both mesial as well as the distal aspects of implants. Fartash *et al*. revealed no statistically significant difference between males and females. The results of this study were in contrast with those by Sverzut *et al*.\[[@ref43]\] who found that men have 1.255 times greater risk of early implant failure than females.

The differences in the mean bone loss values reported by different authors may be attributed to the different implant designs, the surgeons experience, the number of studied implants, the oral hygiene status and practice in patients undergoing implant restorations, the time past from implant reception, the bone quality at the implant sites, or different measures to assess implant treatments.

The rapid bone loss in the initial months after implant placement may be because the fixtures are not loaded, so there is lack of physiologic stimulation and also there may be activities of remodeling which is a physiological change independent of loading and starts as soon as the implant is placed in bone. Pham *et al*. found that significantly more crestal bone loss was noted before functional loading than after the prosthesis was connected.\[[@ref39]\]

Jung *et al*.\[[@ref9]\] found that more than 50% of the total bone loss recorded in 12 months period occurred during the first 3 months. Several investigators have indicated that crestal bone loss around dental implants may be a normal occurrence as it eventually exhibits a steady state when an adequate mucosal barrier is formed by the peri-implant epithelial connective attachment. However, other views suggest that crestal bone loss may result from surgical trauma during placement of the fixtures, reflection of periosteum and preparation of implant osteotomy. The bone loss occurring post-operatively in the initial few months may also be attributed to bacterial invasion, the re-establishment of biologic width and the factors of stress concentration at the crestal region. The primary cause of bone loss around natural teeth is bacteria induced. Occlusal trauma may accelerate the process, but trauma alone is not a determining factor. The implant gingival sulcus in the partially edentulous implant patients exhibits a bacterial flora similar to that of natural teeth. Hence, a logical assumption is that the early implant bone loss is caused primarily by bacteria, with occlusal factors playing a contributing role or accelerating role. Poor oral hygiene is reported to accelerate the bone loss observed around endosteal implants.

According to the results obtained from this study, more crestal bone loss was observed with 10 mm implants when compared to the 13 mm implants. This might be due to the better primary stability obtained with longer implants (13 mm) when compared to the shorter ones (10 mm) due to increase in the surface area of long implants and thus contributing to better anchorage and bone-implant integration.

According to the results obtained from this study, more crestal bone loss was observed in females as compared with males.

In this study, the mean crestal bone loss of 0.5531 mm on mesial and 0.5037 on distal aspect of implant are within the success criteria of implant (mean crestal bone loss \<1.5 mm in 1 year).

Since the sample size was relatively small, so further studies are recommended with larger sample size.

C[ONCLUSIONS]{.smallcaps} {#sec1-5}
=========================

Within the limitations of the study, the following conclusions were drawn:

The mean marginal bone loss after 6 months of implant placement was 0.5531 mm on mesial and 0.5037 mm on distal aspect of implantThere were no statistically significant differences between the marginal bone loss on mesial compared with the distal aspect of implant after 6 months of implant placement. Thus, the bone loss on mesial and distal aspects of implants was found to be same after a period of 6 monthsThe mean marginal bone loss for 13 mm implants was 0.485 mm on mesial and 0.3475 mm on distal aspect of implant. Whereas, the mean marginal bone loss for 10 mm implants was 0.6212 mm on mesial and 0.66 mm on distal aspect of implant. Thus, in this study, the bone loss was found to be same in both 13 mm and 10 mm implants on the mesial aspect of implant whereas on distal aspect, it was more in 10 mm implants when compared with 13 mm implantsThe mean marginal bone loss for 3.5 mm implants was 0.5387 mm on mesial and 0.4512 mm on distal aspect of implant. Whereas, the mean marginal bone loss for 4.3 mm implants was 0.5675 mm on mesial and 0.5562 mm on distal aspect of implant. Thus, in this study, the bone loss was found to be same in both 3.5 mm and 4.3 mm diameter implants on both mesial and distal aspects of implantsThe mean marginal bone loss for implants placed in maxilla was 0.601 mm on mesial and 0.481 mm on distal aspect of implant. Whereas, the mean marginal bone loss for implants placed in mandible was 0.4733 mm on mesial and 0.5417 mm on distal aspect of implant. Thus, in this study, the bone loss was found to be same in both maxilla as well as mandible on both mesial and distal aspects of implantsThe mean marginal bone loss for implants placed in males was 0.4554 mm on mesial and 0.4264 mm on distal aspect of implant. Whereas, the mean marginal bone loss for implants placed in females was 0.784 mm on mesial and 0.644 mm on distal aspect of implant. Thus, in this study, the bone loss was found to be more in females on both mesial as well as the distal aspects of implants.

Clinical significances {#sec2-4}
----------------------

Thus, some amount of post-operative crestal bone loss is inevitable but efforts should always be made to minimize the post-operative crestal bone loss for the clinical success and longevity of implants. Based on the results obtained from this study, following measures may be recommended to minimize the post-operative crestal bone loss during the initial months of healing but before prosthetic loading.

Implants may be selected with longer length, if bone quantity permitsSurgical trauma should be minimized during preparation of implant osteotomy site and implant placementPatients should be encouraged for meticulous oral hygiene maintenance in the post-operative periodA regular follow-up is required to evaluate the osseointegration and the crestal bone levels in order to evaluate the clinical success and longevity of implants.
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